Controversy exists regarding estrogen (ER) and progesterone (PgR) receptor expression on efficacy of adjuvant endocrine therapy. In the ATAC (Arimidex, Tamoxifen, Alone or in Combination) trial, the benefit of anastrozole over tamoxifen was substantially greater in ERϩ/PgR-than ERϩ/PgRϩ tumors. In BIG 1-98 (Breast International Group), the benefits of letrozole over tamoxifen were the same in ERϩ tumors irrespective of PgR. MA.17 randomized postmenopausal women after 5 years of tamoxifen, to letrozole or placebo. We present outcomes according to tumor receptor status.
INTRODUCTION
The estrogen receptor (ER) antagonist tamoxifen has been standard adjuvant therapy for postmenopausal women with hormone receptor-positive early-stage breast cancer. Five years of tamoxifen treatment for ER-positive (ERϩ) patients reduces recurrence and contralateral breast cancer by approximately 41% and breast cancer mortality by 34%. 1 These benefits of tamoxifen are observed regardless of age, menopausal status, or prior chemotherapy. [1] [2] [3] Whereas 5 years of tamoxifen seems to be more effective than shorter periods, 2,3 extending tamoxifen beyond 5 years has not been shown to further improve disease-free survival (DFS) or overall survival (OS) and may, in fact, be associated with poorer outcomes relative to no treatment. 4 Accordingly, tamoxifen for more than 5 years is not currently recommended. 5 Disease recurrence or new primary breast tumors after 5 years of tamoxifen remains relatively common. The Oxford Overview meta-analysis has shown that disease recurrence in patients receiving tamoxifen increased from approximately 15% at 5 years to approximately 33% at 15 years. 1 Corresponding breast cancer mortality increased more than three-fold, from 8.3% at 5 years to approximately 26% at 15 years. The risk of disease recurrence after systemic adjuvant therapy is not limited to patients with high-risk disease. Another study found substantial risk of relapse after completion of adjuvant therapy for patients with all stages of primary breast cancer, even patients disease-free after 5 years of adjuvant therapy with no nodal involvement (N0) or stage II disease experienced an 8% to 9% decrease in DFS by year 10. 6 Thus, there is a need for effective and safe therapy for an extended period after 5 years of tamoxifen.
The third-generation aromatase inhibitor (AI) letrozole is more effective than tamoxifen for advanced breast cancer 7, 8 as preoperative therapy for primary cancers 9,10 and as initial adjuvant therapy in early-stage disease. 11 There are other third-generation AIs that are also more effective than tamoxifen in reducing disease recurrence, including anastrozole in the initial adjuvant setting 12 and both anastrozole and exemestane when given after 2 to 3 years of adjuvant tamoxifen. [13] [14] [15] Letrozole is also more effective than placebo in preventing recurrence in postmenopausal women completing 5 years of tamoxifen, 16, 17 and is the only AI currently approved for use in the extended adjuvant setting. The improved efficacy of AIs over tamoxifen is likely due to a more complete antiestrogen effect and may be affected by a detrimental partial agonist effect of tamoxifen and also by the molecular characteristics of tumors (eg, human epidermal growth factor receptor 2 [HER-2] overexpression), which could determine the degree to which tamoxifen acts as an agonist.
18,19 Finding ways to select women most likely to benefit from AIs would help reduce the ratio of the total number of women needed to treat to the number who benefit from treatment. An analysis of primary tumor characteristics might be one way to select patients who would benefit from the AIs relative to tamoxifen and help to select the most effective treatment option.
The progesterone receptor (PgR) is an important breast cancer biomarker as its expression is estrogen-dependent, and, therefore, indicative of an intact ER signaling mechanism. 20 In comparing tamoxifen to placebo, the Oxford overview found that recurrence of ERϩ disease was reduced to a similar degree irrespective of whether tumors were PgRϩ or PgR-(with reductions in recurrence rates of 37% and 32%, respectively). 1, 2 Emerging data from some AI trials seem to suggest that treatment outcomes with AIs relative to tamoxifen may differ for tumors expressing both ER and PgR (ERϩ/PgRϩ), compared with women who lack PgR (PgR-). Results from a retrospective analysis of receptor status from the Arimidex, Tamoxifen, Alone or in Combination (ATAC) trial indicated that anastrozole had a significantly superior benefit over tamoxifen in the ERϩ/PgRsubgroup (N ϭ 1,372; hazard ratio [HR] ϭ 0.43; P Ͻ .0001) and substantially less effect in the ERϩ/PgRϩ subgroup (N ϭ 5,709; HR ϭ 0.84; P ϭ .07). 21 Combined results of the Austrian Breast and Colorectal Cancer Study Group trial 8 (ABCSG-8) and Arimidex/Nolvadex 95 (ARNO 95) trials also indicated that the effect of anastrozole on disease recurrence was more pronounced in the ERϩ/PgR-subgroup than in the ERϩ/PgRϩ (HR ϭ 0.42 v 0.66, respectively). 15 One of the largest studies of steroid receptors in breast cancer (N Ͼ 15,000) found that while PgR status had a modest prognostic significance among systemically untreated patients, it was independently associated with both DFS and OS in tamoxifen-treated patients;that is, those subgroups of patients with PgRϩ tumors derived a significantly greater benefit from tamoxifen compared with PgR-subgroups.
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Whether there are differences in the efficacy of endocrine therapy based on receptor status of the primary tumor in the period following 5 years of adjuvant therapy with tamoxifen is not known. The MA.17 trial investigated the efficacy and tolerability of extended adjuvant letrozole versus placebo in 5,187 postmenopausal women with earlystage breast cancer who had completed about 5 years of tamoxifen therapy.
16,17 At 30 months' median follow-up, letrozole significantly reduced the risk of recurrence by 42% (HR ϭ 0.58; 95% CI, 0.45 to 0.76; P ϭ .00004) compared with placebo, and a significant survival advantage in favor of letrozole also was demonstrated in patients with node-positive tumors (HR ϭ 0.61; P ϭ .04). 17 The majority of the women (97.4%) enrolled onto the trial had ERϩ and/or PgRϩ tumors. We report here the results from a retrospective analysis, assessing the effect of the ER and PgR status of the primary tumor on DFS, distant DFS (DDFS), and OS in the MA.17 trial.
PATIENTS AND METHODS

Patients
This retrospective subgroup analysis was based on the MA.17 trial, a randomized, double-blind placebo-controlled trial of extended adjuvant therapy with letrozole for 5 years in patients with breast cancer who were disease-free after standard adjuvant tamoxifen. 16 Postmenopausal women (N ϭ 5,187) who had completed 4.5 to 6 years of tamoxifen were randomly assigned from August 1998 to September 2002. 16 Details of the eligibility criteria have been reported previously. 16 Postmenopausal was defined as age Ն 50 years at the start of adjuvant tamoxifen; age less than 50 years but postmenopausal at the initiation of tamoxifen; age less than 50 years at the start of tamoxifen but having had bilateral oophorectomy; premenopausal at age less than 50 years at the start of tamoxifen but becoming amenorrheic during chemotherapy or treatment with tamoxifen; or having postmenopausal levels of luteinizing or follicle-stimulating hormone.
Other eligibility criteria included histologically confirmed primary breast cancer; ERϩ and/or PgRϩ tumors (defined as Ͼ 10 fmol/mg protein, or positive by ER immunohistochemistry, or PgR immunocytochemistry); tamoxifen discontinued less than 3 months before enrollment; Eastern Cooperative Oncology Group performance status 0, 1, or 2; and life expectancy more than 5 years. Patients were excluded for concurrent use of investigational drugs or prior or concurrent malignancy other than skin cancer or carcinoma in situ of the cervix. Women were stratified based on tumor hormone-receptor status (positive or unknown), lymph node status (negative, positive, or unknown), and previous adjuvant chemotherapy (yes or no).
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End Points
The primary end point in MA.17 was DFS, defined as time from randomization to time of any breast cancer recurrence (breast, chest wall, nodal, or metastatic site), or contralateral breast cancer. Secondary end points included DDFS, defined as time from randomization to time of distant metastasis, and OS, defined as time from randomization to time of death from any cause.
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Statistical Analyses
Kaplan-Meier curves by treatment for each subgroup defined by receptor status were generated for outcomes (DFS, DDFS, and OS). The difference between treatments in each outcome and subgroup was compared by use of Cox's model adjusting for nodal status and prior chemotherapy (the other two stratification factors in the trial). A Cox model with interaction term was used to assess the differential treatment effects between ERϩ/PgRϩ and ERϩ/PgRgroups, adjusting for nodal status and prior chemotherapy. 
RESULTS
The number and percentage of patients in each of the four receptor subgroups is presented in Table 1 . Among the 5,187 women in the study, there were 4,653 patients in whom the status of both ER and PgR receptors was known, while the status of at least one of the two receptors remained unknown in 534 patients. Patients whose tumors were ERϩ/PgRϩ comprised the largest subgroup (n ϭ 3,809; 73%), followed by those who were ERϩ and PgR-(n ϭ 636; 12%), ER-and PgRϩ (n ϭ 200; 4%), and ER-and PgR-tumors, who comprised the smallest group (N ϭ 8; Table 1 ). Analysis for the last group could not be performed because of the very small sample size.
The HR for DFS (letrozole v placebo), adjusted for nodal status and prior chemotherapy, is shown for the receptor subgroups in Table  1 . For DFS, the benefit of letrozole was most pronounced in the large subgroup of women with ERϩ/PgRϩ tumors (adjusted HR ϭ 0.49; 95% CI, 0.36 to 0.67), corresponding to a 51% reduction in recurrence compared with placebo (Table 1) . Women with ER-/PgRϩ tumors also benefited from letrozole, with a 44% reduction in events compared with placebo (adjusted HR ϭ 0.56; 95% CI, 0.15 to 2.12), although the 95% CI in this group was wider (Table 1) . By comparison, women with ERϩ/PgR-tumors on letrozole did not appear to benefit from letrozole in terms of DFS (adjusted HR ϭ 1.21; 95% CI, 0.63 to 2.34; Table 1) .
Results for the analyses of the secondary end points, DDFS and OS, are presented in Table 1 . Similar results for DDFS were observed; and as with DFS, women with ERϩ/PgRϩ tumors benefited most on letrozole (HR ϭ 0.53; 95% CI, 0.35 to 0.80), with a 47% reduction in distant recurrence compared with placebo. For OS, there was a 42% improvement in survival for patients on letrozole compared with placebo in the ERϩ/PgRϩ subgroup (HR ϭ 0.58; 95% CI, 0.37 to 0.90; Table 1 ). The subgroup of ERϩ/PgR-and ER-/PgRϩ patients on letrozole did not appear to benefit when compared with the placebo group (Table 1 ; HR ϭ 1.52 and 2.16, respectively); however, the numbers of deaths in these two subgroups were likely too small for reliable analysis of this end point.
Kaplan-Meier survival curves in the ERϩ/PgRϩ and ERϩ/PgRsubgroups are shown for DFS, DDFS, and OS in Figures 1, 2, and 3 , respectively. Although not a planned comparison in our analysis, the P value of the test for equality (interaction) of the HRs for DFS between the ERϩ/PgRϩ and ERϩ/PgR-group indicated a statistically significant difference between them (P ϭ .02). In comparison, the interaction test between the two groups did not reach significance for DDFS (P ϭ .06) and for OS (P ϭ .09). The adjustment for nodal status and prior adjuvant chemotherapy did not affect this result (data not shown).
DISCUSSION
At the first interim analysis (median follow-up 2.4 years) of the MA.17 trial, a significant improvement in DFS for letrozole versus placebo was observed (HR ϭ 0.57; 95% CI, 0.43 to 0.75; P ϭ .00008), with an estimated DFS rate of 93% and 87% in the letrozole-and placebotreated patients, respectively. 16 Results also indicated a significant DFS benefit of letrozole over placebo in patients with both node-negative (HR ϭ 0.47; P ϭ .005) and node-positive disease (HR ϭ 0.60; P ϭ .003). 16 We undertook this analysis to explore whether the benefit of letrozole was affected by the receptor status of the primary tumors.
This cohort analysis revealed that after completing adjuvant tamoxifen, letrozole-treated patients with the most hormone-sensitive primary tumors (ie, ERϩ/PgRϩ) derived the greatest benefit of improved DFS over placebo (HR ϭ 0.49), compared with other receptor subgroups (Table 1) . Similarly, women with ER-/PgRϩ tumors also had an improved DFS with letrozole compared with placebo (HR ϭ 0.56). In comparison, women whose tumors lacked PgR (ERϩ/PgR-) did not appear to benefit from letrozole (HR ϭ 1.21 in favor of placebo). However, from the outset, the analysis of outcomes in all subgroups other than the ERϩ/PgRϩ patients (n ϭ 3,809) is weakened by the low numbers of patients in these groups (eg, ERϩ/ PgR-, n ϭ 636; Table 1 ). Nonetheless, as PgR lies downstream of the ER signaling pathway, 20 these data imply more pronounced activity of letrozole against breast cancers with a functional ER.
In the MA.17 trial, letrozole has already demonstrated a significant benefit in OS among another major subgroup in the trial, the subpopulation of node-positive patients (HR ϭ 0.61; 95% CI, 0.38 to 0.98; P ϭ .04). 17 Notably, in this current analysis, letrozole has again demonstrated an overall survival advantage in another subgroup in comparison with placebo. The risk of mortality was significantly reduced by 42% (Table 1) in the large ERϩ/PgRϩ subgroup, which included more than 70% of all patients evaluated.
Our findings of greater efficacy in ERϩ/PgRϩ patients differ from those seen in other subgroup analyses from trials comparing AIs and tamoxifen. Table 2 presents the HR for DFS in MA.17 compared with the other major AI trials in which tamoxifen was the comparator, the Intergroup Exemestane Study (IES), the Breast International Group (BIG) 1-98 trial, and the ATAC trial. The percentages of patients in each subgroup (ERϩ/PgRϩ or ERϩ/PgR-) are also shown, and the ERϩ/PgRϩ group was the major group in all the trials. 11, 13, 21 All of these trials have demonstrated a significant benefit of AI therapy over tamoxifen or placebo in the overall population.
Subgroup analyses based on ER and PgR status, however, have yielded conflicting results (Table 2) . A retrospective analysis of the ATAC trial showed that the efficacy (time to recurrence) of anastrozole was more pronounced in the ERϩ/PgR-patients (unadjusted HR ϭ 0.43; 95% CI, 0.31 to 0.61) than in the ERϩ/PgRϩ (unadjusted HR ϭ 0.84; 95% CI, 0.69 to 1.02). Similar results were found when the HR was adjusted for baseline nodal status, tumor size, and the use of adjuvant chemotherapy. 21 A test of interaction between the three categories of PgR status (positive, negative, unknown) and treatment for ER disease was highly significant (P ϭ .0004). 21 The combined ABCSG-8/ARNO 95 analysis results with anastrozole versus tamoxifen also trended in the same direction, with a more pronounced benefit over tamoxifen for patients with ERϩ/PgR-tumors (HR ϭ 0.66, ERϩ/PgRϩ P ϭ .66; ERϩ/PgR-P ϭ .42). 15 Contrary to the anastrozole findings in ATAC, the BIG 1-98 trial demonstrates that the benefit of letrozole was similar in all ERϩ patients, irrespective of PgR status (ERϩ/PgRϩ HR ϭ 0.84; ERϩ/ PgR-HR ϭ 0.83; Table 2 ). 11 The BIG 1-98 trial also has reported the first and only results from centrally reviewed hormone receptor status in any adjuvant AI trial to date, and these findings confirm the results obtained from local assessment. 11, 23 Similarly, the IES reported that after 2 to 3 years of adjuvant therapy with tamoxifen, exemestane was equally effective in patients with ERϩ/PgRϩ and ERϩ/PgR-tumors (HRs, 0.66 and 0.58, respectively; Table 2 ).
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Findings of the current analysis differ with respect to the possible role of PgR status in relation to the benefit of letrozole over placebo after about 5 years of tamoxifen therapy. We find better outcomes in the larger, ERϩ/PgRϩ subpopulation and poorer responses in the subpopulation of ERϩ/PgR-patients (Table 1) . A benefit of letrozole also was seen in the small population of ER-/PgRϩ patients ( Table 1) . The trend was consistent for DDFS and OS (Table 1) , though the statistics for the analysis of OS of the ER-/PgRϩ subgroup were weak because of the small number of patients in this subgroup.
These results need to be interpreted with caution; the receptor levels were measured locally not centrally, and all the groups except for the ERϩ/PgRϩ subgroup had a relatively small number of patients in each study population. Another disadvantage of this study is that the data do not indicate whether the difference in the relative efficacy of letrozole according to PgR status is a direct result of the receptor status itself, or whether it is due to segregation of PgR with another unidentified biologic marker. One report has shown that the improved response with letrozole over tamoxifen in the preoperative setting was substantially greater in tumors that were HER-2ϩ and/or epidermal growth factor receptor-positive. 10 Similarly, an improved response rate in this clinical setting also has been observed for anastrozole over tamoxifen in HER-2ϩ tumors. 24 There is also evidence that PgR levels in breast cancer cell lines can be downregulated by growth factors such as insulinlike growth factor, heregulin, and epidermal growth factor, and this may be indicative of enhanced growth-factor signaling, resistance to endocrine therapy, and consequently a more aggressive tumor phenotype. 25 Additional biomarkers such as HER-2 are being assessed in our central review, and we are comparing these markers with two tumor gene signatures, the Massachusetts General Hospital two-gene and the genomic health 21-gene signatures. These and other tumor gene profiles may be useful in the future to provide a molecular explanation for the findings reported here.
In conclusion, the MA.17 trial has shown that extended adjuvant treatment with letrozole resulted in a significant increase in DFS compared with placebo in patients with hormone receptor-sensitive tumors. 16, 17 The subgroup analyses reported here showed that DFS, DDFS, and OS were significantly improved for letrozole-treated patients in the ERϩ/PgRϩ, but not in the smaller ERϩ/PgR-subgroup. These analyses should be considered hypothesis-generating, and will need to be confirmed in other trials. If confirmed, however, the results would allow for a decrease in treatment with extended adjuvant letrozole, in at least a small subset of patients, based on PgR status. Until confirmed, however, we believe that the overall MA.17 trial results, rather than this cohort analysis, should influence clinical practice. Clearly, as seen from the results of the BIG 1-98 and IES trials, which show a benefit for AI therapy in both the ERϩ/PgRϩ and ERϩ/PgRsubgroups, PgR status should not at present be regarded as a reason for denying or prescribing adjuvant therapy with an AI for patients for whom it is indicated. 
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